In order to apply ab initio wavefunction-based correlation methods to metals, it is desirable to split the calculation into a mean-field part and a correlation part. Whereas the mean-field part (here Hartree-Fock) is performed in the extended periodic system, it is necessary to use for the correlation part local wave-function based correlation methods in finite fragments of the solid. For these finite entities it is necessary to construct an embedding. We suggest an embedding scheme which has itself no metallic character but can mimic the metal in the internal region, where the atoms are correlated. With this embedding it is also possible to localize the metallic orbitals in the central part. The long range non-additive contributions of metallicity and correlation are treated with the method of increments. In this paper we present different ways to construct such an embedding and discuss the influence of the embedding on the correlation energy of the solid.
I. INTRODUCTION
Ab initio wavefunction-based correlation methods are desirable for extended systems, because they yield a systematically improvable method for the many-body ground-state properties. One of these methods which can be applied to extended systems is the method of increments. It has been applied to a variety of systems, including ionic solids, semiconductors, and noble gas solids, and is now established as a reliable method for the application of wavefunction based correlation methods to extended systems (for a review see Ref. [1] ).
The method of increments relies on a many-body expansion of the correlation energy of the infinite system in terms of localized orbitals or localized orbital groups.
If we want to use wavefunction-based correlation methods such as coupled-cluster, we have the problem that to date there are no existing program codes which combine such procedures with periodic boundary conditions in three dimensions. Therefore we would like to use standard quantum chemical program packages and perform our correlation calculations in finite fragments of the solid. The Hartree-Fock (HF) part of the calculation which we rely on to treat the long-range interactions properly is always performed in the infinite periodic system.
For the extension of the method of increments to metals two conceptually new problems occur. The localization of the orbitals in a metal is the first issue to be dealt with. Standard procedures used for non-metallic finite systems such as the Foster-Boys criterion [2] or that of Pipek-Mezey [3] are problematic in metals. One reason is the diminishing HOMO-LUMO gap, which causes very long tails in the localized orbitals, but additionally the minimiziation of the localization functionals can yield different solutions due to degeneracy of the orbitals, which are sometimes not consistent with the symmetry of the lattice.
The second issue is the difference between bulk metals and metal clusters. Within an infinite metal there is a homogeneous distribution of the conduction electrons, whereas in a cluster the charge will move to the surface [4] . Keeping this in mind, we have to construct our embedding so that the central part of the cluster where the correlation calculation will be performed remains neutral. The proper embedding models not only the occupied orbital space of a metal, but can also change the excitation space, i.e. it should mimic the vanishing gap in the metal. Recent results for barium [5] have shown that only in the presence of a properly constructed embedding is it possible to obtain a virtual space, which is similar to the band structure of the extended system.
Although in a first application of the method of increments to bulk mercury [6] [7] [8] the calculated ground-state properties agree very well with experiment, we will discuss the problem of the construction of the embedding in this paper in more detail, in order to compare the influence of the embedding for different group II metals. We select magnesium, where no closed d-shells are present, and zinc and cadmium which have a closed, but easily polarizable d-shell. All three materials crystallize in the hexagonal close-packed (hcp) structure, whereas mercury, which we include for comparison, crystallizes in a rhombohedral structure.
The paper is organized as follows: in the first part of the next section we shortly introduce the method of increments in its general form and in the second part we discuss in detail the modifications which are necessary for metals. In Sec. III we discuss necessary properties of the embedding, before giving in Sec. IV a first approximation for the cohesive energy of the group II metals. In the main part of the paper, Sec. V, we discuss in detail the influence of the embedding on the calculated correlation energy of the metals. The conclusion follows in Sec. VI.
II. METHOD OF INCREMENTS FOR METALS

A. General formalism
For metallic systems the general formalism for the method of increments [9] is no different than for insulating sytems. The many-body expansion for the correlation energy is set up in the usual way as
For a group II metal it is natural to choose a numbering i, j, k in terms of individual atoms.
Thus our one-body increment i is analogous to the atomic energy. However this atom must be treated in an appropriate environment, and this environment can still influence the correlation energy. Subtracting the correlation energy of the free atom from i , we get the one-body correlation contributions to the cohesive energy. The ∆ ij are the non-additive parts of the correlation energies ij for pairs of atoms i, j:
and higher order increments are defined analogously. For the three-body energy increment we get
The usual criteria for the convergence of the incremental scheme has to be fulfilled also for metals, namely that it must firstly converge with respect to the order of increments
and secondly converge with increasing distance between the atoms involved:
Due to the need to calculate the correlation energy increments in finite embedded clusters, we have an additional requirement that the energy must converge with the size of the embedding.
The construction of the embedding and the convergence of the correlation energy with its size are described in detail in the following text.
B. Modification for applying the method of increments to metals
To deal with the two distinct problems that occur in metals, the difficulty of localization of the orbitals and the generation of clusters with neutral atoms in the center, we suggest the following procedure:
1. Selection of fragments of the solid:
The correlation increments are calculated for selected fragments which reflect the geometry of the crystal. These fragments have two components, firstly the atoms to be correlated (in the center of the fragment) and secondly the embedding atoms. We select the positions of the atoms to be correlated and surround each of these atoms by embedding shells of various sizes. This corresponds to a spherical cut-off, which best simulates the Madelung forces in the center.
Calculation of the cluster with a minimal valence basis set:
The embedding atoms are required to simulate the environment of an atom of the infinite solid, without allowing the electronic charge to diffuse towards the surface of the cluster. Additionally the basis set should be chosen in such a way to enable localisation of the orbitals. Both requirements can be satisfied, if we supply only sbasis functions for the valence electrons. This way, delocalisation due to sp-mixing or spd-mixing (possible in the case of magnesium) is avoided and no metallic character can be described. But each atom still has its correct crystal surroundings with respect to the electrostatic interaction. A description of the embedding atoms by large-core pseudopotentials (LCPP) seems reasonable, although we will test this choice with respect to the pseudopotential. The atoms to be correlated must be described with a small-core pseudopotential (SCPP), because of the quasi-valence character of the d shells in the group IIb metals. An advantage of the use of pseudopotentials is that for the heavier elements they also account for scalar-relativistic effects.
Localization of the orbitals:
Within the initial description of only valence s-basis functions, we perform a HF calculation of the cluster and due to the neglect of any metallic character we can use standard procedures to localize the orbitals. This set of localized orbitals contains both the embedding orbitals which are centred at the embedding atoms and also the orbitals located at the atoms, which are to be correlated.
Allowing for delocalization in the central part:
While the embedding orbitals are kept frozen, we supply on the atoms to be correlated an extended basis set of at least double zeta quality with polarization functions, recalculate the integrals and perform an HF calculation for the orbitals to be correlated.
During this HF calculation the central orbitals are reoptimized and can develop a metallic character. But the long-range tails are nearly absent, because the embedding region is kept frozen and no p-functions are supplied. This procedure is quite critical for metals and has to be tested carefully. Sec. V A and V C will deal with this problem in detail.
Correlation calculation of the central part:
The reoptimized orbital set may be correlated with any size-extensive method. Within this correlation calculation it is possible to freeze part of the semi-core orbitals, (e.g. For the two-body and higher order increments we have an additional subtlety to consider. The calculation of the one-body increment that we subtract should take place in an environment as close as possible to the one used for the two-body energy ij . Thus this is not exactly the same one-body increment as considered in the incremental expansion, but rather the one-body increment calculated in the two-body cluster. Then we must decide how to treat atom j while we calculate i . Two different possibilities can be thought of:
(a) The second (not correlated) atom is described equivalently to the atom to be correlated, but only the orbitals on the atom to be correlated are reoptimized, the orbitals on the atom not being correlated are kept frozen. The additional basis functions on the second atom can be used for reoptimizing the orbitals on the atom to be correlated.
(b) The second (not correlated) atom is described like an embedding atom.
Option (a) keeps the environment exactly the same as for the two-body calculation, but it may break the symmetry of the atom in such a way as to perturb the atomic orbitals. Additionally the one-body increment in the incremental expansion and the one-body increment for calculating the non-additive two-body energy differ conceptually. The second choice (b) corresponds to making the one-body energy as close as possible to the original one-body term in the incremental expansion, by replacing the original atom with an embedding-type atom. In this case we also test the effect of different pseudopotentials on the second atom. We will test these ideas for the nearest-neighbour two-body increment, to see whether they yield a significant change in the two-body increments for the different materials.
6. Determination of the correlation energy of the solid:
After evaluating the individual increments and checking their convergence with increasing distance of the atoms involved, we have to determine the weight factors with which the individual increments occur in the solid state structure and sum them up for the correlation energy of the solid per unit cell (or per atom) as described in eqn. 1.
C. Technical details
In this work we have made use of both LCPP (2 valence-electron) and SCPP (20 valenceelectron) pseudopotentials for Zn, Cd, and Hg, and the LCPP, as well as an all-electron description in the case of Mg [10] [11] [12] [13] [14] . The Dunning-type series of corresponding basis sets has been used, in particular the correlation consistent valence triple-zeta (cc-pVTZ) sets for the correlation calculations [15, 16] . The LCPPs have been used with the corresponding basis sets as described in more detail in the text where modifications have been made to the original basis sets [10] [11] [12] [13] [14] . The localization schemes of Foster and Boys [2] , or of Pipek and Mezey [3] , have been used as implemented in the program package MOLPRO [17] .
No difference has been found between the two choices in the results presented here. For all correlation calculations we use the coupled cluster procedure with single and double excitations and triples included perturbatively [CCSD(T)] [18, 19] .
III. PROPERTIES OF THE EMBEDDING
The embedding is not only required for the localization of the orbitals in a metal, it must also simulate the bulk metal and not a finite metallic cluster. In metallic clusters it is observed that even for cluster sizes up to 1000 atoms the electrons move to the surface of the cluster yielding a negative surface charge [4] . This charge is compensated by a positive charge in the center of the cluster. If we want to simulate the bulk, it is important to guarantee that each atom is neutral as in the solid. This property is achieved by our embedding. level. In free clusters the HOMO-LUMO gap closes slowly with increasing size of the cluster, whereas in the embedded case, the gap is drastically reduced. For the atom, the HOMO-LUMO gap is reduced from 0.125 Hartree to 0.024 Hartree by the embedding. For the nearest-neighbour Mg-Mg distance taken from the solid, the HOMO-LUMO gap is 0.076
Hartree for the free dimer, but with an embedding the gap is closed completely. Even though the gap can be underestimated by the LDA treatment, the trend is clear: The metallic character can be much better described with the embedding than in free clusters.
IV. CONTRIBUTION TO THE COHESIVE ENERGY
The HF energy of the metal is calculated for the infinite periodic system using existing codes such as CRYSTAL [22] . For details of the CRYSTAL calculations see Ref. [7, 8] for
Hg and Ref. [23] for Mg, Zn, and Cd. The HF energy of the free atom is corrected for the basis set superposition error (BSSE) by a counterpoise correction [24] . The atomic energy is calculated with the optimized crystal basis set in the presence of the same basis sets placed at the positions of neighbouring atoms in the solid (convergence required 12 nearest neighbours for Hg and Mg, 18 for Zn and Cd). In the case of magnesium, the HF cohesive energy of the solid is −0.366 eV [23] (another basis set yields −0.27 eV [25] ), significantly underestimated with respect to the experimental value of −1.51 eV [26] . Here we use negative numbers to indicate cohesion. In the case of zinc and cadmium the HF energy is slightly repulsive, whereas in mercury it is as strongly repulsive as the experimental cohesive energy is attractive. Although in these cases we start from repulsive cohesive energies, the HF treatment nevertheless provides a reliable starting point for the inclusion of correlation in a systematic way. Table II shows the relative contributions to the total correlation energy of the one-body and nearest neighbour two-body increments, and compares this to the correlation energy obtained by subtracting the HF energy from the experimental cohesive energy. The one-body correlation energy is in all cases very small. One can expect to obtain at least 80 % of the correlation energy from the nearest-neighbour (NN) interaction only (if one assumes ideal hcp or fcc structures, where there are 12 nearest neighbours). For Zn, Cd, and Hg, the assumption of 12 nearest-neighbours results in an over-estimation of the correlation energy due to the non-ideal structures (the 6 next-nearest-neighbours are at 10-15 % longer distances than the 6 nearest neighbours). However it is clear that the convergence of the method of increments is quite reasonable when already with only one pair-interaction we obtain around 90 % of the correlation energy. A second reason for the higher proportions obtained for the group IIB metals is the local nature of the d-shell, such that the correlation energy converges more quickly with distance than for the s-shell. For pair interactions at distances greater than 4Å the s-correlation is the only non-additive contribution. Therefore the total correlation energy does converge more quickly for Zn, Cd, and Hg than for Mg.
As the nearest-neighbour interaction is the most important for the final cohesive energy of the solid, we test our embedding procedure with respect to this energy as well as with respect to the one-body energy which contributes much less to cohesion, but is very important with regard to the convergence of the incremental expansion due to the subtraction of this increment in all higher-body terms.
V. INFLUENCE OF THE EMBEDDING ON THE CORRELATION ENERGY
A. Dependence of the correlation energy with the s basis set on the embedding
In order to test the effect of the basis set used for the embedding atoms on the correlation energy of the central atoms, we fix the size of the embedding (cutoff at 1.5a 0 ) and the description of the central atom (SCPP and cc-pVTZ basis set). For the localization we have to omit valence p functions on the embedding atoms, but the choice of the s basis set can still influence the value of the correlation energy. The embedding basis set [12] [13] [14] can be minimal or of better quality for the s shells, i.e. we test also a non-minimal [2s] basis set [12] [13] [14] . In the case of a minimal basis different constructions are possible, e.g. the contraction coefficients obtained from the free atom or the contraction optimized in the cluster (in which case the contraction coefficients are iteratively optimized at the central atom until they are converged with the embedding.) The results for the cohesive part of the one-body increment (we account for the BSSE due to the embedding atoms with the counterpoise correction, i.e.
the free atom is surrounded by the same basis functions as would be supplied in the cluster modelling the solid) and the nearest neighbour two-body increment are listed in Tab. III.
The final result concerning the cohesive energy does not appear to be particularly sensitive to the contraction used for the minimal basis set. Although the cohesive part of the one-body increment may differ by a factor of up to 1.5, this difference corresponds only to 2 % of the correlation contribution to the cohesive energy due to their small magnitude. Moreover it is partially compensated by the opposite trend in the nearest neighbour two-body term. The underlying physical effect can be understood as follows; the cluster optimised contraction is more compact than the contraction optimised for the atom, and thus the embedding atoms are more compact, allowing the central atom to become more diffuse. More diffuse orbitals mean that less correlation energy can be obtained in the one-body part, and this in turn leads to an increase in correlation energy in the two-body increment.
The use of a [2s]-basis on the embedding atoms has the largest effect, increasing the repulsive energy of the one-body increment by roughly 0.2-0.3 mHartree for Zn and Cd, 1.5 mHartree for Mg, and increasing the binding energy of the NN-two-body increment by a slightly smaller amount to compensate. This can be understood due to two separate changes: in the one-body case the atomic orbitals become more diffuse due to the use of the available s-functions on the embedding atoms. Thus there is less correlation energy recovered. In particular for Mg the difference is seen most strongly in the correlation of the valence shell. However in the two-body case there is stronger overlap between orbitals possible which makes the non-additive part of the correlation energy stronger, such that we obtain a larger correlation contribution. The net effect for Zn, Cd, and Mg is an overall increase in the total correlation energy due to the [2s]-basis on the embedding atoms, due to the higher weight factor of the NN-two-body increment relative to the one-body increment.
However this effect is small (ca. 
B. Dependence of the correlation energy with size of the embedding cluster
The embedding clusters are designed as approximate spherical surroundings of the central atom or atom group to be correlated. In all group II metals we consider, the first shell consists of 12 atoms, for magnesium all 12 have nearly the same distance from the center, because of the almost ideal hcp structure. For the other materials these two distances differ by up to 15 %. Then a large gap occurs in the shell structure between 1.15a 0 and about 1.4a 0 . This next group of atoms consists of 6 atoms and we can speak of a second shell. From around 1.6a 0 the shells have very small changes in distance, so we can not speak anymore of real shells, the influence of these outer atoms should be negligible for the central part.
We tested the convergence of the 1-body increment and the nearest-neighbour 2-body increment with respect to the size of the embedding cluster. Surprisingly, for the valenceonly correlations of the group IIb metals the changes with the size of the cluster are small and monotonic, whereas the inclusion of d-correlations in the group IIb metals leads to a nonmonotonic behaviour. For Mg we see a non-monotonic behaviour in the valence correlations, which is reasonable, because the metal character is much more pronounced in magnesium than in the group IIb metals. A summary of this behaviour is shown in Fig. 1 . On the one hand, the non-monotonic behavior continues until rather large sizes of the embedding. On the other hand, so long as one chooses a symmetric cluster of sufficient size (with a cutoff for the embedding of about 1.5 times the nearest neighbour distance for example) then there is little deviation from the final converged value. The non-monotonic behaviour is observed only for the metals with a d-shell, and demonstrates the particularly sensitive nature of the d-shells in these metals. This demonstrates that the d-orbitals can not be treated as core or semi-core. We note that this non-monotonicity is largest for Zn, followed by Cd and then Hg, which correlates approximately to the van der Waals radii of the atoms, or bond lengths of the dimers, rather than to the bond distances in the solids. This therefore implies that it depends on the extent of the valence s-orbital, and not the d-orbitals only. If we compare the distance expectation values for the valence s-and d-orbitals in the atoms, we see that the mean radius of the valence s-shell is relatively constant at 2.9, 3.1, and 2.8Å, for Zn, Cd, and Hg respectively, whereas the mean radius of the d-shell increases rapidly from 0.9 to 1.3 to 1.5Å. Thus we conclude that the non-monotonic behaviour comes from the d-to-s correlation, not the d-correlation alone. Indeed, if we correlate only the d-orbitals for Zn, keeping the valence s-orbitals frozen, we obtain less than a fifth of the total sd-correlation.
Moreover, a monotonic behaviour is observed in the d-only correlation. Thus the observed 'hump' is due to an increased amount of sd-correlation due to the diffuse s-orbital interacting with the embedding, as embedding atoms are added at distances of 1.9-2.3a 0 , i.e between 4.9Å and 6.0Å for Zn which compares to the distance expectation value < r(s) >= 2.9Å.
This feature of the convergence of the 1-body increment is no barrier to taking an embedding with a smaller cutoff, so long as we use a minimum value of 1.5a 0 for which we already have good agreement with the final converged value. In any case, for the one-body increment we are dealing with very small numbers such that this non-monotonicity has very little effect on the final value of the cohesive energy. It would be a much bigger problem if this non-monotonicity were observed for the two-body energies also, however here we see much quicker convergence, as shown in the lower part of Fig. 1 .
Because the two-body increment is so important with regard to the cohesive energy, we test for Mg the atomic contraction and the cluster-optimised contraction of the [1s]-basis with the size of the embedding (Fig. 2) . For the first three shells of neighbours there is a small difference between the two approaches, but from the fourth shell on the two different choices are effectively indistinguishable. In a first step we test the influence of an improved basis set for the reoptimization for the one-body increment. We increas steadily the numbers of atoms of the first shell, where we supply the full cc-p-vTZ basis set. The size of the embedding is fixed to a cut-off of about 1.5a 0 and a LCPP with a minimal (cluster optimised) s-basis is used at the embedding atoms. The results are shown in Fig. 3 .
By increasing the number of neighbours which have a better basis set for the reoptimization of the central orbitals the magnitude of the one-body increment for all 4 materials decreases monotonically. We have supplied the improved basis sets on up to 6 nearest neighbours for Zn, Cd and Hg and for Mg even up to 9 nearest neighbours. Good convergence is seen over this range to the final value, changes between 6 neighbours and 9 neighbours are small, about 1 mHartree. If a maximum error of 5 mHartree (for Hg) is acceptable then even the reoptimized orbitals without any p functions in the surrounding are usable. To check the influence of the BSSE correction on the behaviour of cohesive part of the onebody increment with better basis functions in the intermediate part, we include in Fig. 3 the one-body contribution to the cohesion for Mg. This shows the same trend as the total correlation increment.
The decrease of the magnitude of the one-body increments with more and more atoms in the first shell can be explained by the delocalization of the central orbital, which results in less correlation energy. This effect is stronger than the competing effect of the increase of the virtual space, which would increase the correlations. For illustrating the change of the central orbital due to the extra basis functions for the reoptimization, we show the central orbitals for Mg with no additional basis functions on the surrounding atoms (Fig. 4 A) , with basis functions on 6 neighbouring atoms (Fig. 4 B) and on 9 atoms (Fig. 4 C) . In the plot the extent of the orbitals looks nearly the same, but there is a tiny delocalization of the orbital. The spherical symmetry is only slightly lost. The hybridisation to the neighbouring p-orbitals is not seen on the HF level, it is a correlation effect. Or, in other words, the admixture of covalent binding in the group IIb metals is small at the HF level.
Overall, we can conclude, that a better basis set for the reoptimization of the central orbital is desirable from a conceptual point of view. For the actual calculations these basis sets yield a maximum change in the cohesive part of the correlation energy of 8 % for Hg and much less for the other metals. On the other hand a related question occurs when we calculate the two-body part of the incremental expansion, of which one-body increment we should subtract. This topic is addressed in the next part.
D. Different ways to define higher order increments
To determine the 2-body increment or higher order increments it is important that the subtracted one-and lower-order body increments are calculated in the same cluster under the same conditions as the total n-body energy. We will test the different approaches as described in Sec. II B 5 on the nearest neighbour two-body increment, because it is the most important one.
To achieve as much equality as possible the two-and one-body increments are calculated in the same embedding, i.e., the number of the embedding atoms and the basis sets on the embedding atoms is unchanged. The question arises of how one should treat the second atom, which is correlated in the two-body increment, when calculating the corresponding one-body increment. We have tested the two possiblities as described in Sec. II B 5 for Mg, Zn, Cd and Hg. To achieve a better insight into the origin of correlations we have even separated the influence of the valence-shell correlation and the valence-core correlation. To illustrate the shape of the orbitals, we plotted for magnesium the reoptimized valence sorbitals on the atom to be correlated (Fig. 5) . The picture labelled (a), corresponds to reoptimisation with the full basis set on the second atom. Clearly a distortion of the orbital in the direction of the second atom is seen. Approach (b) corresponds to the minimal basis on the second atom. No difference is seen if we replace the second atom with a LCPP and minimal basis set.
The results for Mg, Zn, Cd and Hg are summarized in Tab. IV. We first focus on the approach (a), where the orbitals of the one-body increments are not spherical. For all materials the contribution of the core-valence correlation (correlating the underlying sp shell) on the two-body increment is small (less than 2 % for Mg, Zn, Cd, and about 4 % for Hg) This is expected because the core shells in the two-body increment and the coresponding one-body increments should be nearly the same. The d-shell of Zn, Cd, and Hg can not be considered as core, their correlation contribution to the two-body increment is about 22 % for Zn and increasing to 29 % for Cd and up to 52 % for Hg.
If we now compare the effect of the description of the second atom, in approach (b), where
we have for the calculation of the one-body term on the second atom only a minimal basis, we see that this description has some deficiencies for valence only contributions especially in Mg and Hg. Whereas the difference between (a) and (b) is tolerable in Zn and Cd, for Hg higher order terms in the incremental expansion have to correct for the deficiencies on the twobody level with approach (b). For this reason we have calculated one three-body increment (nearest neighbour one, triangle with distances a 0 , a 0 and 1.15a 0 ) with approaches (a) and (b) (see Tab. IV). In approach (a) the contribution of this special three-body increment is repulsive and 97 % due to the valence s-correlations. In approach (b) this is quite different, as shown in Ref. [7] , where this increment has a weak cohesive contribution with stronger d-contributions. Whereas in this case the valence s-correlations are still repulsive, the d correlations become attractive and compensate for the missing correlation at the two-body level.
The effect of the pseudopotential has been considered in two ways. First, we consider the effect in approach (b) of using only a LCPP and minimal basis set on the second atom.
In effect, this means replacing the second atom with an embedding atom for the calculation of the one-body correlation energy. This leads to slighly less correlation energy than in the SCPP case, but the overall conclusions remain exactly the same with respect to the division of the correlation energy into core-valence and valence-only. For Mg only we have also tested the use of a LCPP with a polarisation basis set (2s2p2d1f ) which is therefore the LCPP version of (a). This results in behavior that is very similar to (a), and we can conclude that the choice of pseudopotential is much less important than the basis set used on the neighbour.
Overall we can conclude, that approach (a) is more appropriate for an incremental expansion than approach (b); it can describe the corrected excitations in the one-body increment, which are also present in the two-body calculation, yielding the corrected partitioning into valence s-, d-shell and core correlation.
VI. CONCLUSION
We have presented an embedding scheme, which enables us to use finite fragments of the Overall we have shown that the method of increments is a robust method for the calcu-lation of correlation energies in metals. Already with only the one-body increment and the nearest-neighbour two-body increment we achieve between 85 and 93 % of the correlation contribution to the cohesive energy.
List of figure captions: cluster A has no neighbours described by an improved basis set, the one in the B has 6 such neighbours (the nearest neighbours). In the cluster C the central atom has 9 (6 nearest neighbours in the hexagonal plane and 3 in the underlying plane). The addition of such neighbours leads to small distortions in the localized occupied orbital in the center, but these are quite small once one has more than three such neighbours. 
